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BOX PCT 

IN THE UNITED STATES ELECTED/DESIGNATED OFFICE 
OF THE UNITED STATES PATENT AND TRADEMARK OFFICE 
UNDER THE PATENT COOPERATION TREATY-CHAPTER II 
5 PRELIMINARY AMENDMENT 

APPLICANT: Athanase Mariggis DOCKET NO: 1 12740-219 

SERIAL NO: GROUP ART UNIT: 

EXAMINER: 

INTERNATIONAL APPLICATION NO: PCT/DEOO/00176 

1 0 INTERNATIONAL FILING DATE: 2 1 January 2000 

INVENTION: METHOD FOR CONVERTING NxSTM- 1 
SIGNALS INTO STM-N SIGNALS 

Assistant Commissioner for Patents, 
Washington, D.C. 20231 

15 Sir: 

Please amend the above-identified International Application before entry 
into the National stage before the U.S. Patent and Trademark Office under 35 
U.S.C. §371 as follows: 
In the Specification: 

20 Please replace the Specification of the present application, including the 

Abstract, with the following Substitute Specification: 

SPECIFICATION 
TITLE 

METHOD FOR CONVERTING NxSTM-1 
25 SIGNALS INTO STM-N SIGNALS 

BACKGROUND OF THE INVENTION 
Field of the Invention 

The present invention relates to a method for converting NxSTM- 1 signals 
30 into STM-N signals, wherein the STM-N signals are split into N STM-1 signals 
which are sent via different paths and can be regenerated and forwarded in a 
practical manner at a receiving end. 
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Description of the Prior Art 



As a rule, contemporary transmission methods are subdivided into 
transmission methods which transmit information in accordance with a 
synchronous transfer mode (STM) or an asynchronous transfer mode (ATM). 
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The synchronous transfer mode (STM) is based on the transmission of 



information in SDH (Synchronous Digital Hierarchy) transmission technology, hi 
this technology, the information is transmitted in frames. These are subdivided into 
a control field (SOH, Section Overhead; POH, Path Overhead) and a container 
field. In the former, control information relating to the connection is transmitted 

10 while in the latter, payload is deposited. The payload used can also be ATM cells. 
These must then be arranged in the frame structure at the beginning of the 
transmission process and removed again at the receiving end. The control 
information considered is, for example, information with respect to the security of 
the transmission, bit errors, circuit failure, clock accuracy, etc. 

15 The control field has two sub-areas SOH and POH. The sub-area 

designated by SOH has control information with respect to a transmission section 
(for example between two switching systems) whereas in the sub-area designated 
by POH, control information is transmitted between two subscribers (end-to-end). 



20 assumes high clock accuracy. If clock inaccuracies occur during the transmission 
process, for example due to delay fluctuations, or if different clock rates are defined 
due to different situations in different countries, the received containers become 
displaced beyond the frames. A frame can, therefore, still contain part of the 
payload of the last container and part of its own container. 

25 In contemporary synchronous transmission systems, STM-1 interfaces are 

used. An STM-1 interface is physically represented by a connection between two 
SDH switching systems. The STM-1 interface is thus the basis of the SDH 
transmission. For this reason, the SDH switching networks arranged in the SDH 
switching system are currently designed for switching through STM-1 signals in the 

30 prior art. 



The transmission of information via the SDH transmission technology 
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In the future, however, higher-order signals such as STM-N (N>1) signals 
are to be transmitted. This results in circuit switching problems in the known SDH 
switching networks used. A method for bypassing these problems, known in the 
prior art, is the Virtual Concatenation Mode. This is a standardized method by 
5 means of via which, for example, STM-4 signals are split into 4 STM-1 signals. 
During the transmission, 4 STM-1 signals are thus supplied to the receiving switch, 
switched through and then assembled again to form one STM-4 signal. 

In this process, however, the NxSTM-1 signals pass through different paths 
in the network. Although the NxSTM-1 signals are sent out at the same time, they 
10 arrive at different times at the receiving switching center due to different delays. 
Converting the STM-1 signals into NxSTM-1 signals, however, requires that the 
STM-1 signals arrive at the same time, hi the prior art, storage devices such as, for 
example, FIFO storage devices are used for recovering the containers in the correct 
order in order to solve this problem. For this purpose, the FIFO storage devices 
15 must be addressed absolutely which means resulting in increased expenditure since, 
on the one hand, the absolute addresses must always be stored somewhere, and on 
the other hand, a +/- area must be reserved. In practice, this is associated with 
increased control expenditure. 

The present invention is, therefore, directed to an approach to have the 
20 STM-1 signals sent via different paths which can be regenerated and forwarded in a 
practical manner at the receiving end. 

SUMMARY OF THE INVENTION 
Accordingly, an advantageous factor in the present invention is, in 
particular, a relative dynamic logic operation between write addresses and read 
25 addresses of the FIFO storage devices. This renders superfluous a continuous 

absolute control of the write and read addresses respectively. Furthermore, such a 
procedure is associated with a gain in dynamic range during the conversion process. 

Accordingly, in an embodiment of the present invention, a method is 
provided for converting NxSTM-1 signals into STM-N signals which includes the 
30 steps of: providing a number of STM-1 signals which respectively have a first 
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control field, a second control field and a payload field filled with payload, the 
beginning of the payload field being defined by a marker, the payload field 
including a number of interface devices which respectively include a store and 
which are used for accommodating the number of STM-1 signals; storing the 
5 respective payload of the STM-1 signals in a cyclic order in the store of the 
respectively associated interface device at a right address corresponding to a 
number of payload data which have arrived; forming a relative address with respect 
to the markers which have arrived based on the marker which arrived last; and 
removing, at the relative address formed, the payload again from the stores of the 

10 respectively associated interface device in the same cyclic order as during the right 
process in supplying the payload to an STM-N frame as of out put data. 

In an embodiment, the method further includes the steps of forming the 
right address in the store by incrementing in a first counting device as determined 
by the number of payload data that have arrived, until one of the first control field 

15 and the second control field is detected, and transferring the count of the first 
counting device to the store. 

In an embodiment, the method further includes the steps of counting the 
payload data in a second counting device from an instant when the second control 
field is detected until a time when all markers have arrived, forming a difference 

20 between the counts of the first and second counting devices, decrementing the 

difference by one, and transferring the decremented value calculated as read address 
to a third counting device at which the payload stored in the store is removed. 

In an embodiment of the method, the store is constructed as a cyclic 
random-access circular buffer. 

25 In an embodiment of the method, the interface devices are synchronized 

within one-half period of a VC-4 container. 

In an embodiment of the method, the interface devices are synchronized 
outside the half period of the VC-4 container by combining the pointers of at least 
two VC-4 containers until a synchronization circuit which follows the interface 

30 devices and determines structured payload data acquires lock. 



4 



Additional features and advantages of the present invention are described in, 
and will be apparent from, the following detailed description of the preferred 
embodiment and the drawings. 

DESCRIPTION OF THE DRAWINGS 
5 Figure 1 shows an SDH container as known in the prior art; 

Figure 2 shows the container of an STM-4 interface; 

Figure 3 shows a circuit arrangement on which the method according to the 

present invention is running; 
Figure 4 shows the reading of the payload from the FIFO storage devices 
10 according to the method of the present invention; and 

Figure 5 shows the markers arriving at different times in the FIFO storage 

devices. 

DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENTS 

Figure 1 shows the structure of an SDH transmission frame. Accordingly, 
15 two SDH frames Fi, F 2 are shown as examples. The control information is 
deposited in the control fields SOH, POH. The payload is transmitted in a 
container CON. According to the exemplary embodiment above, this is intended to 
be a virtual container VC-4 wherein the payload transmitted here is transmitted at a 
payload bit rate of 149 Mbit/s. 
20 A frame is built up of a total of 9 rows. The control field SOH has a width 

of 9 bytes per row. The container CON exhibits a width of 260 bytes per row and 
the control field POH has 1 byte per row. Overall, this results in a magnitude of 
2,430 bytes (9x(9+ 1+260)), for one SDH frame, 2340 bytes being provided for 
transmitting payload. 

25 The start of the container CON in the relevant frame is designated by a 

marker Ji. The position of the marker Ji is stored in a special pointer field Hi, H 2 , 
H 3 of the control field SOH which forms a pointer. This pointer points to the 
position of the marker Ji. The control information deposited in the control field 
SOH is always deposited at the same place. The container CON can migrate 

30 beyond the frame boundaries F l5 F 2 due to clock inaccuracies. The same applies to 
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the control field POH as well. In Figure 1, the marker Ji marks the start of the 
container CON of the frame F x . The start of the container of the frame F 2 is defined 
by another marker Ji of frame F 2 . Thus, the payload contained in the container of 
frame F } is also part of frame F 2 beyond the frame boundaries. 
5 Figure 2 shows the conditions for an STM-4 interface. The STM-4 signals 

have here been split into 4 STM-1 signals. Here, too, the containers migrate 
beyond frame boundaries due to clock inaccuracies. The beginning of the 
individual containers is shown by 4 Ji pointers belonging to the frames F1...F4 in 
Figure 2. The origin of this is that, although the 4 STM-1 signals have been sent 
10 out at the same time, they have experienced delay differences along the respective 
paths. For this reason, these signals also have become stored in different storage 
areas of the FIFO-type buffer stores. Converting the 4 STM-1 signals back into 
one STM-4 signal requires time-synchronous conversion since only this ensures the 
STM-4 signal. 

15 Figure 3 discloses a circuit arrangement by which the restoration of an 

STM-4 signal from 4 STM-1 signals is achieved. Accordingly, 4 interface devices 
P0...P3 are shown. Each of these 4 interface devices P0...P3 is used at the receiving 
end to terminate the connecting line via which the STM-1 signal is transmitted in 
each case. Since the control data transmitted in the control fields SOH, POH are 

20 specific to STM-1, this information must be suppressed during the conversion into 
an STM-4 signal. 

At the input end, the 4 interface devices P0-.P3 are supplied with the STM-1 
signals Data_inO...Data_in3. The interface device Po is thus supplied with the 
STM-1 signals Data_in0, the interface device Pi is supplied with the STM-1 signals 
25 Data_inl, etc. These STM-1 signals are then checked to see whether the incoming 
information is payload or control information. In the control field SOH, an 
alignment word is also transmitted to which the frame synchronizes in each case. If 
this alignment word is received, a signal SOH_disable is activated and supplied to 
the relevant interface device. The third word in the control field SOH is a pointer 
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which points to the marker Ji. If this is detected, a signal POH_disable is activated 
and supplied to the relevant interface device. 

Furthermore, each of the 4 interface devices P0..P3 has a cyclic circular 
buffer R. This is constructed as Random Access Memory (RAM) and has the 
5 function of a FIFO store. As a rule, this circular buffer R is worth, in each case, 
1 170 bytes as one half of a container CON. Furthermore, a counter AWC in which 
the payload bytes are counted as determined by the state of the signal SOH_disable, 
is in each case, provided in each of the interface devices. When both signals 
SOH_disable, POH disable are inactive, this count is read out and supplied to the 

10 circular buffer R via a signal addr_in. At the same time, a signal write_enable is 
supplied. The count of the counter AWC thus reproduces the memory address in 
the circular buffer R at which the relevant payload bytes are stored. Furthermore, a 
counter PC which is incremented by the incoming payload bytes on detection of the 
marker Ji is provided in each of the 4 interface devices P0—P3. hi a further counter 

15 ARC, which is also arranged in each of the 4 interface devices Po---P3, the address 
of the circular buffer R under which the payload bytes are read out again is stored 
as determined by the count of the counter AWC, PC. 

The devices PD, RC are used as higher-level devices of the 4 interface 
devices P0...P3. The former is a monitoring device which determines whether the 

20 markers Ji of all four interface devices P0-.P3 have been detected. The device RC 
is a higher- level control logic which controls and monitors the read processes. 

hi the text which follows, the operation of the circuit will be briefly 
explained: 

The STM-1 signals data_in0...data_in3 are accepted by the relevant 
25 interface device. If the signal SOH_disable is inactive, the counter AWC activates 
a signal write_enable. At the same time, the counter AWC is incremented by the 
number of incoming payload bytes. The value obtained in this manner is supplied 
to the circular buffer R via a signal addrin and is interpreted as address by the 
buffer. The data data_in are deposited in the circular buffer R as determined by this 
30 address. Due to the logical OR operation on the signals SOH disable, 
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POH_disable (write_enable), only payload is transferred into the circular buffer R. 
The information stored in the control fields SOH, POH is thus suppressed. 

On start-up, the signals POH_Ji of all interface devices P0...P3 are set to "0". 
If the signaling signal for the marker Ji of the relevant interface device is detected, 
5 the counter PC is started by the signal POH_disable. The signal POH_Ji of the 
corresponding interface device is then set to a logical "1" or "high". As long as the 
signal POHJi assumes the state of logical "1", the payload bytes are counted. If 
the markers Ji have been received by all interface devices P 0 ... P3, all signals 
POH_Ji are then set to a logical "1". As a result, the monitoring device PD initiates 

10 logic operations and forms the difference between the counts AWC and PC, 

decremented by 1 and loaded into the counter ARC. The monitoring device PD 
then sets all signals POH_Ji to 0 for the next cycle. Furthermore, if the counts of 
the counters AWC and ARC are equal, the read process is stopped in all interface 
devices and a signal disable_read is generated because there is no payload in the 

15 circular buffer R in at least one of the interface devices P0...P3. 
hi detail, the following procedure is adopted: 

The counts of counters AWC and PC are determined. The difference 
between the two counts is decremented by 1 and the result is stored in the counter 
ARC. At the instant at which all markers Ji have arrived, the relative delay 
20 difference of the STM-1 signals with respect to the STM-1 signals which have 
arrived last is, thus, given in the counter PC. 

The counters ARC of all interface devices are then triggered to transfer the 
content to the circular buffer R via, in each case, one signal addr_out. The latter 
interprets this value as an address. The data stored under this address are read out 
25 and forwarded as STM-4 signal as output data data_out. 

The corresponding conditions are reproduced in Figure 4. Accordingly, the 
4 cyclic circular buffers R of the 4 interface devices R(P 0 )...R(P3) are shown. As a 
last marker, marker Ji of the interface devices Pi has arrived, for example. All 
counters are then stopped. Subsequently, the relative address to the markers Ji 
30 which are stored in the remaining 3 interface devices is then formed, hi the case of 



the interface devices R(P 0 ) the difference is 6 payload bytes. In the case of the 
interface device P 2 , the difference is 8 payload bytes and in the case of the interface 
device P 3 , the difference is 17 payload bytes. Triggering the higher-level logic 
device RC, the payload is read out and supplied to an STM-4 frame FR which 
5 regenerates 1 STM-4 signal from the 4 STM-1 signals. 

The precondition for this method is that the markers Ji of all STM-1 signals 
arrive within a half VC-4 period. The corresponding conditions are shown for the 
example of 4 STM-1 signals in Figure 2. The markers Ji are placed within the VC- 
4 period. For this reason, the interface circuits can synchronize without additional 

10 signal evaluation. For example, marker Ji of frame F 3 of interface device P 3 arrives 
first, for example, as described for Figure 2. The counter PC is then started and 
counts up to 1 170. If no further markers Ji of the remaining containers CON are 
detected until then, all counters PC and all signals POH_Ji are reset and 
synchronization recommences correctly with marker Ji of frame Fi at the next 

15 cycle. 

According to the present exemplary embodiment, it has been assumed that 
the magnitude of the delay differences is smaller than one half container period of a 
virtual VC-4 container. However, delay differences greater than one half container 
period of a virtual VC-4 container can also be treated with a modification of the 
20 method. 

The interface device according to Figure 3 can still synchronize if the 
payload in the container is structured. In this case, the circular buffer R must be 
enlarged in accordance with the greatest delay to be expected. The corresponding 
conditions are shown in Figure 5. This is the case, for example, if the payload 

25 consists of ATM cells, frame relay or TCP/IP data. Because of such transmission 
formats, synchronization can be carried out because error-free transmission is 
detected by the control field SOH and, in this case, the header of the cell is detected 
and evaluated by an additional payload synchronization circuit corresponding to the 
transmission format. The synchronization circuit is designated by HSC in Figure 5. 

30 The synchronization can be restored by combining the pointers of 2 or more VC-4 
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containers (4 pointers in the case of STM-4) until the payload synchronization 
circuit HSC acquires lock. The combination can be obtained from a simple 
addition of 2340 bytes in the counting devices of the counters ARC, triggered by a 
device JiCL (Ji combining logic) since, when a number of markers Ji is found, the 
5 frame to which this marker belongs cannot be reliably detected. The difference 
between 2 markers Ji of the same interface device is 2340 payload bytes. After the 
payload synchronization circuit HSC has acquired lock, the markers Ji will not be 
combined because only jumps of 3 bytes are allowed according to the SDH 
standard, unless the system is re-initialized. 

1 0 Although the present invention has been described with reference to specific 

embodiments, those of skill in the art will recognize that changes may be made 
thereto without departing from the spirit and scope of the invention as set forth in 
the hereafter appended claims. 

ABSTRACT OF THE DISCLOSURE 

15 During the transmission of SDH signals, higher-order signals such as STM- 

N (N>1) signals are transmitted. To prevent circuit switching problems in the 
known STM-1 switching networks used, the STM-N signals are split into N STM-1 
signals in accordance with the known virtual concatenation mode. These signals, 
however, pass through different paths in the network which leads to different 

20 delays. The present invention solves these problems by addressing FIFO storage 
devices with relative addressing at the receiving end in order to read out the payload 
data stored there. 
In the claims: 

On page 1 1, cancel line 1, and substitute the following left-hand justified 
25 heading therefor: 

I Claim as My Invention: 

Please cancel 1-6, without prejudice, and substitute the following claims 
therefor: 

7. A method for converting NxSTM-1 signals into STM-N signals, the 
30 method comprising the steps of: 
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providing a plurality of STM-1 signals which respectively have a first 
control field, a second control field, and apayload field filled with payload, the 
beginning of the payload field being defined by a marker, the payload field 
including a plurality of interface devices which respectively include a store and 
5 which are used for accommodating the plurality of STM-1 signals; 

storing the respective payload of the plurality of STM-1 signals in a cyclic 
order in the store of the respectively associated interface device at a right address 
corresponding to a number of payload data which have arrived; 

forming a relative address with respect to the markers which have arrived 
10 based on the marker which arrived last; and 

removing, at the relative address formed, the payload again from the stores 
of the respectively associated interface device in the same cyclic order as during the 
right process and supplying the payload to an STM-N frame as output data. 

15 8 . A method for converting NxSTM- 1 signals into STM-N signals as 

claimed in claim 7, the method further comprising the steps of: 

forming the right address in the store by incrementing in a first counting 
device as determined by the number of payload data that have arrived, until one of 
the first control field and the second control field is detected; and 

20 transferring the count of the first counting device to the store. 

9. A method for converting NxSTM- 1 signals into STM-N as claimed 
in claim 7, the method further comprising the steps of: 

counting the payload data in a second counting device from an instant when 
25 the second control field is detected until a time when all markers have arrived; 

forming a difference between the counts of the first and second counting 
devices; 

decrementing the difference by one; and 

transferring the decremented value calculated as read address to a third 
30 counting device at which the payload stored in the store is removed. 



11 



10. A method for converting NxSTM-1 signals into STM-N signals as 
claimed in claim 7, wherein the store is constructed as a cyclic random-access 
circular buffer. 



11. A method for converting NxSTM-1 signals into STM-N signals as 
claimed in claim 7, wherein the interface devices are synchronized within one-half 
period of a VC-4 container. 

10 12. A method for converting NxSTM-a signals into STM-N signals as 

claimed in claim 7, wherein the interface devices are synchronized outside one-half 
period of a VC-4 container by combining the pointers of at least two VC-4 
containers until a synchronization circuit which follows the interface devices and 
determines structured payload data acquires lock. 

15 REMARKS 

The present amendment makes editorial changes and corrects typographical 
errors in the specification, which includes the Abstract, in order to conform the 
specification to the requirements of United States Patent Practice. No new matter is 
added thereby. Attached hereto is a marked-up version of the changes made to the 

20 specification by the present amendment. The attached page is captioned " Version 
With Markings To Show Changes Made". 

In addition, the present amendment cancels original claims 1-6 in favor of 
new claims 7-12. Claims 7-12 have been presented solely because the revisions by 
crossing-out and underlining which would have been necessary in claims 1-6 in 

25 order to present those claims in accordance with preferred United States Patent 

Practice would have been too extensive, and thus would have been too burdensome. 
The present amendment is intended for clarification purposes only and not for 
substantial reasons related to patentability pursuant to 35 U.S.C. §§103, 102, 103 or 
1 12. Indeed, the cancellation of claims 1-6 does not constitute an intent on the part 

30 of the Applicants to surrender any of the subject matter of claims 1-6. 
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Early consideration on the merits is respectfully requested. 
Respectfully submitted, 




William E. Vaugl 
Bell, Boyd & Lionel LLC 
P.O. Box 1135 

Chicago, Illinois 60690-1135 
(312) 807-4292 
Attorneys for Applicants 



(Reg. No. 39,056) 
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VERSIONS WITH MARKINGS TO SHOW CHANGES MADE 
In The Specification; 

The Specification of the present application, including the Abstract, has 
been amended as follows: 
5 SPECIFICATION 

TITLE 

Description 

Method for conv e rting NxSTM 1 signals into STM N signals 

METHOD FOR CONVERTING NxSTM-1 
10 SIGNALS INTO STM-N SIGNALS 

BACKGROUND OF THE INVENTION 
Field of the Invention 

The present invention relates to a method for converting NxSTM- 1 signals 
15 into STM-N signals, wherein the STM-N signals are split into N STM-1 signals 

which are sent via different paths and can be regenerated and forwarded in a 

practical manner at a receiving end. 

Description of the Prior Art 

The-invention relates to a method according to the preamble of claim 1 . As 
20 a rule, contemporary transmission methods are subdivided into transmission 

methods which transmit information in accordance with a synchronous transfer 

mode (STM) or an asynchronous transfer mode (ATM). 

The synchronous transfer mode (STM) is based on the transmission of 

information in SDH (Synchronous Digital Hierarchy) transmission technology, hi 
25 this technology, the information is transmitted in frames. These are subdivided into 

a control field (SOH, Section Overhead; POH, Path Overhead) and a container 

field. In the former, control information relating to the connection is transmitted 

whilst while in the latter, payload is deposited. The payload used can also be ATM 

cells. These must then be arranged in the frame structure at the beginning of the 
30 transmission process and removed again at the receiving end. The control 
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information considered is, for example, information with respect to the security of 
the transmission, bit errors, circuit failure, clock accuracy, etc. 

The control field has two sub-areas SOH and POH. The sub-area 
designated by SOH has control information with respect to a transmission section 
5 (for example between two switching systems) whereas in the sub-area designated 
by POH, control information is transmitted between two subscribers (end-to-end). 

The transmission of information by means of via the SDH transmission 
technology assumes high clock accuracy. If clock inaccuracies occur during the 
transmission process, for example due to delay fluctuations, or if different clock 
10 rates are defined due to different situations in different countries, the received 
containers become displaced beyond the frames. A frame can, therefore, still 
contain part of the payload of the last container and part of its own container. 

In contemporary synchronous transmission systems, STM-1 interfaces are 
used. An STM-1 interface is physically represented by a connection between two 
15 SDH switching systems. The STM-1 interface is thus the basis of the SDH 

transmission. For this reason, the SDH switching networks arranged in the SDH 
switching system are currently designed for switching through STM-1 signals in the 
prior art. 

In the future, however, higher-order signals such as STM-N (N>1) signals 
20 are to be transmitted. This results in circuit switching problems in the known SDH 
switching networks hitherto used. A method for bypassing these problems, known 
in the prior art, is the Virtual Concatenation Mode. This is a standardized method 
by means of via which, for example, STM-4 signals are split into 4 STM-1 signals. 
During the transmission, 4 STM-1 signals are thus supplied to the receiving switch, 
25 switched through and then assembled again to form one STM-4 signal. 

In this process, however, the NxSTM-1 signals pass through different paths 
in the network. Although the NxSTM-1 signals are sent out at the same time, they 
arrive at different times at the receiving switching center due to different delays. 
Converting the STM-1 signals into NxSTM-1 signals, however, requires that the 
30 STM-1 signals arrive at the same time. In the prior art, storage devices such as, for 
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example, FIFO storage devices are used for recovering the containers in the correct 
order in order to solve this problem. For this purpose, the FIFO storage devices 
must be addressed absolutely which means resulting in increased expenditure since, 
on the one hand, the absolute addresses must always be stored somewhere! and on 
5 the other hand a a +/- area must be reserved, hi practice, this is associated with 
increased control expenditure. 

The present invention is , therefore, directed to based on the object of 
demonstrating an approach to have the STM-1 signals sent via different paths 
which can be regenerated and forwarded in a practical manner at the receiving end. 

10 The inv e ntion is achi e ved by th e f e atures specified in the characterizing 

clause on th e basis of th e features specified in the preamble of claim 1. 

SUMMARY OF THE INVENTION 
Accordingly, an T-he advantageous factor in the present invention is, in 
particular, a relative dynamic logic operation between write addresses and read 

15 addresses of the FIFO storage devices. This renders superfluous a continuous 

absolute control of the write and read addresses respectively. Furthermore, such a 
procedure is associated with a gain in dynamic range during the conversion process. 

Accordingly, in an embodiment of the present invention, a method is 
provided for converting NxSTM-1 signals into STM-N signals which includes the 

20 steps of: providing a number of STM-1 signals which respectively have a first 
control field, a second control field and a payload field filled with payload, the 
beginning of the payload field being defined by a marker, the payload field 
including a number of interface devices which respectively include a store and 
which are used for accommodating the number of STM-1 signals; storing the 

25 respective payload of the STM-1 signals in a cyclic order in the store of the 
respectively associated interface device at a right address corresponding to a 
number of payload data which have arrived; forming a relative address with respect 
to the markers which have arrived based on the marker which arrived last; and 
removing, at the relative address formed, the payload again from the stores of the 
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respectively associated interface device in the same cyclic order as during the right 
process in supplying the payload to an STM-N frame as of out put data. 

In an embodiment, the method further includes the steps of forming the 
right address in the store by incrementing in a first counting device as determined 
5 by the number of payload data that have arrived, until one of the first control field 
and the second control field is detected, and transferring the count of the first 
counting device to the store. 

In an embodiment, the method further includes the steps of counting the 
payload data in a second counting device from an instant when the second control 
10 field is detected until a time when all markers have arrived, forming a difference 
between the counts of the first and second counting devices, decrementing the 
difference by one, and transferring the decremented value calculated as read address 
to a third counting device at which the payload stored in the store is removed, 
m an embodiment of the method, the store is constructed as a cyclic 
15 random-access circular buffer. 

In an embodiment of the method, the interface devices are synchronized 
within one-half period of a VC-4 container. 

In an embodiment of the method, the interface devices are synchronized 
outside the half period of the VC-4 container by combining the pointers of at least 
20 two VC-4 containers until a synchronization circuit which follows the interface 
devices and determines structured payload data acquires lock. 

Additional features and advantages of the present invention are described in, 
and will be apparent from, the following detailed description of the preferred 
embodiment and the drawings. 
25 Advantag e ous furth e r dev e lopments of the invention - ar e- specified in th e 

subclaims. 

In the t e xt which follows, th e invention will be explained in greater detail 
with ref e r e nc e to an exemplary embodiment. In the figures: 

DESCRIPTION OF THE DRAWINGS 
30 Figure 1 shows an SDH container according to as known in the prior art; 
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Figure 2 shows the container of an STM-4 interface; 

Figure 3 shows a circuit arrangement on which the method according to the 

present invention is running; 
Figure 4 shows the reading of the payload from the FIFO storage devices 
5 according to the method according to of the present invention; and 

Figure 5 shows the markers arriving at different times in the FIFO storage 

devices. 

DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENTS 

Figure 1 shows the structure of an SDH transmission frame. Accordingly, 
10 two SDH frames Fi, F2 are shown as examples. The control information is 
deposited in the control fields SOH, POH. The payload is transmitted in a 
container CON. According to the exemplary embodiment above, this is intended to 
be a virtual container VC-4 . This m e ans that wherein the payload transmitted here 
is transmitted at a payload bit rate of 149 Mbit/s. 
15 A frame is built up of a total of 9 rows. The control field SOH has a width 

of 9 bytes per row. The container CON exhibits a width of 260 bytes per row and 
the control field POH has 1 byte per row. Overall, this results in a magnitude of 
2,430 bytes (9x(9+l+260)), for one SDH frame, 2340 bytes being provided for 
transmitting payload. 

20 The start of the container CON in the relevant frame is designated by a 

marker Ji. The position of the marker Ji is stored in a special pointer field Hi, H2, 
H 3 of the control field SOH which forms a pointer. This pointer points to the 
position of the marker Ji. The control information deposited in the control field 
SOH is always deposited at the same place. The container CON can migrate 

25 beyond the frame boundaries Fi,F 2 due to clock inaccuracies. The same thus also 
applies to the control field POH as well , hi fFigure 1, the marker Ji marks the start 
of the container CON of the frame Fi. The start of the container of the frame F2 is 
defined by another marker Ji of frame F 2 . Thus, the payload contained in the 
container of frame Fi is also part of frame F 2 beyond the frame boundaries. 
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Figure 2 shows the conditions for an STM-4 interface. The STM-4 signals 
have here been split into 4 STM-1 signals. Here, too, the containers migrate 
beyond frame boundaries due to clock inaccuracies. The beginning of the 
individual containers is shown by 4 Ji pointers belonging to the frames F1...F4 in 
5 flFigure 2. The origin of this is that, although the 4 STM-1 signals have been sent 
out at the same time, they have experienced delay differences along the respective 
paths. For this reason, these signals also have become stored in different storage 
areas of the FIFO-type buffer stores. Converting the 4 STM-1 signals back into 
one STM-4 signal requires time-synchronous conversion since only this ensures the 

10 STM-4 signal. 

Figure 3 discloses a circuit arrangement by means of which the restoration 
of an STM-4 signal from 4 STM-1 signals is achieved. Accordingly, 4 interface 
devices P0...P3 are shown. Each of these 4 interface devices P0—P3 is used at the 
receiving end to terminate the connecting line via which the STM-1 signal is 

15 transmitted in each case. Since the control data transmitted in the control fields 
SOH, POH are specific to STM-1, this information must be suppressed during the 
conversion into an STM-4 signal. 

At the input end, the 4 interface devices P0-P3 are supplied with the STM-1 
signals Data_inO...Data_in3. The interface device Po is thus supplied with the 

20 STM-1 signals Data_in0, the interface device Pi is supplied with the STM-1 signals 
Data_inl, etc. These STM-1 signals are then checked to see whether the incoming 
information is payload or control information, hi the control field SOH, an 
alignment word is also transmitted to which the frame synchronizes in each case. If 
this alignment word is received, a signal SOH_disable is activated and supplied to 

25 the relevant interface device. The third word in the control field SOH is a pointer 
which points to the marker Ji. If this is detected, a signal POH_disable is activated 
and this is also supplied to the relevant interface device. 

Furthermore, each of the 4 interface devices P0..P3 has a cyclic circular 
buffer R. This is constructed as Random Access Memory (RAM) and has the 

30 function of a FIFO store. As a rule, this circular buffer R is worth, in each case i 
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1 1 70 bytes as one half of a container CON. Furthermore, a counter AWC in which 
the payload bytes are counted as determined by the state of the signal SOF^disablej 
is in each case^ provided in each of the interface devices. When both signals 
SOH_disable, POH_disable are inactive, this count is read out and supplied to the 
5 circular buffer R via a signal addr_in. At the same time, a signal write_enable is 
supplied. The count of the counter AWC thus reproduces the memory address in 
the circular buffer R at which the relevant payload bytes are stored. Furthermore, a 
counter PC which is incremented by the incoming payload bytes on detection of the 
marker Ji is provided in each of the 4 interface devices P0—P3. hi a further counter 

10 ARC, which is also arranged in each of the 4 interface devices P0—P3, the address 
of the circular buffer R under which the payload bytes are read out again is stored 
as determined by the count of the counter AWC, PC. 

The devices PD, RC are used as higher-level devices of the 4 interface 
devices P0...P3. The former is a monitoring device which determines whether the 

15 markers J x of all four interface devices P0...P3 have been detected. The device RC 
is a higher-level control logic which controls and monitors the read processes. 

In the text which follows, the operation of the circuit will be briefly 
explained: 

The STM-1 signals data_in0...data_in3 are accepted by the relevant 
20 interface device. If the signal SOH_disable is inactive, the counter AWC activates 
a signal write_enable. At the same time, the counter AWC is incremented by the 
number of incoming payload bytes. The value obtained in this manner is supplied 
to the circular buffer R via a signal addrin and is interpreted as address by the 
buffer. The data data_in are deposited in the circular buffer R as determined by this 
25 address. Due to the logical OR operation on the signals SOH_disable, 

POH_disable (write_enable), only payload is transferred into the circular buffer R. 
The information stored in the control fields SOH, POH is thus suppressed. 

On start-up, the signals POH_Ji of all interface devices P0—P3 are set to "0". 
If the signaling signal for the marker Ji of the relevant interface device is detected, 
30 the counter PC is started by the signal POH_disable. The signal POH_J] of the 
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corresponding interface device is then set to a logical "1" or "high". As long as the 
signal POH_Ji assumes the state of logical "1", the payload bytes are counted. If 
the markers Ji have been received by all interface devices P0-P3, all signals 
POH_Ji are then set to a logical "1". As a result, the monitoring device PD initiates 
5 logic operations and forms the difference between the counts AWC and PC, 
decremented by 1 and loaded into the counter ARC. The monitoring device PD 
then sets all signals POH_Ji to 0 for the next cycle. Furthermore, if the counts of 
the counters AWC and ARC are equal, the read process is stopped in all interface 
devices and a signal disableread is generated because there is no payload in the 
10 circular buffer R in at least one of the interface devices P0-P3. 
In detail, the following procedure is adopted: 

The counts of counters AWC and PC are determined. The difference 
between the two counts is decremented by 1 and the result is stored in the counter 
ARC. At the instant at which all markers Ji have arrived, the relative delay 

15 difference of the STM-1 signals with respect to the STM-1 signals which have 
arrived last is* thus 3 given in the counter PC. 

The counters ARC of all interface devices are then triggered to transfer the 
content to the circular buffer R via* in each case a one signal addr_out. The latter 
interprets this value as an address. The data stored under this address are read out 

20 and forwarded as STM-4 signal as output data data_out. 

The corresponding conditions are reproduced in fFigure 4. Accordingly, the 
4 cyclic circular buffers R of the 4 interface devices R(P 0 )...R(P3) are shown. As a 
last marker, marker Ji of the interface devices Pi has arrived, for example. All 
counters are then stopped. Subsequently, the relative address to the markers Ji 

25 which are stored in the remaining 3 interface devices is then formed. In the case of 
the interface devices R(Po) the difference is 6 payload bytes. In the case of the 
interface device P 2 , the difference is 8 payload bytes and in the case of the interface 
device P 3 , the difference is 17 payload bytes. Triggering the higher-level logic 
device RC, the payload is read out and supplied to an STM-4 frame FR which 

30 regenerates 1 STM-4 signal from the 4 STM-1 signals. 
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The precondition for this method is that the markers Ji of all STM-1 signals 
arrive within a half VC-4 period. The corresponding conditions are shown for the 
example of 4 STM-1 signals in fFigure 2. The markers Ji are placed within the 
VC-4 period. For this reason, the interface circuits can synchronize without 
5 additional signal evaluation. For example, marker Ji of frame F 3 of interface device 
P 3 arrives first, for example, as described for fFigure 2. The counter PC is then 
started and counts up to 1170. If no further markers Ji of the remaining containers 
CON are detected until then, all counters PC and all signals POH_Ji are reset and 
synchronization recommences correctly with marker Ji of frame Fi at the next 
10 cycle. 

According to the present exemplary embodiment, it has been assumed that 
the magnitude of the delay differences is smaller than one half container period of a 
virtual VC-4 container. However, delay differences greater than one half container 
period of a virtual VC-4 container can also be treated with a modification of the 
15 method. 

The interface device according to fFigure 3 can still synchronize if the 
payload in the container is structured. In this case, the circular buffer R must be 
enlarged in accordance with the greatest delay to be expected. The corresponding 
conditions are shown in fFigure 5. This is the case, for example, if the payload 

20 consists of ATM cells, frame relay or TCP/IP data. Because of such transmission 
formats, synchronization can be carried out because error-free transmission is 
detected by the control field SOH and a in this case a the header of the cell is detected 
and evaluated by an additional payload synchronization circuit corresponding to the 
transmission format. The synchronization circuit is designated by HSC in 

25 fFigure 5. The synchronization can be restored by combining the pointers of 2 or 
more VC-4 containers (4 pointers in the case of STM-4) until the payload 
synchronization circuit HSC acquires lock. The combination can be obtained from 
a simple addition of 2340 bytes in the counting devices of the counters ARQ - 
triggered by a device JiCL (Ji combining logic) since, when a number of markers 

30 Ji is found, the frame to which this marker belongs cannot be reliably detected. The 
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difference between 2 markers Ji of the same interface device is 2340 payload bytes. 
After the payload synchronization circuit HSC has acquired lock, the markers Ji 
will not be combined because only jumps of 3 bytes are allowed according to the 
SDH standard, unless the system is re-initialized. 

Although the present invention has been described with reference to specific 
embodiments, those of skill in the art will recognize that changes may be made 
thereto without departing from the spirit and scope of the invention as set forth in 
the hereafter appended claims. 
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Abstract 

ABSTRACT OF THE DISCLOSURE 

Method for converting NxSTM 1 signals into STM N signals 

During the transmission of SDH signals, higher-order signals such as STM- 
5 N (N>1) signals are transmitted. To prevent circuit switching problems in the 
known STM-1 switching networks hitherto used, the STM-N signals are split into 
N STM-1 signals in accordance with the known virtual concatenation mode. These 
signals, however, pass through different paths in the network which leads to 
different delays. The present invention solves these problems by addressing FIFO 
1 0 storage devices with relative addressing at the receiving end in order to read out the 
payload data stored there. 
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Description 

^Method for c onverting NxSTM-1 signals into STM-N 
signals 



The invention relates to a method according to 
the preamble of claim 1. 

As a rule, contemporary transmission methods 
are subdivided into transmission methods which transmit 
information in accordance with a synchronous transfer 
mode (STM) or an asynchronous transfer mode (ATM) . 

The synchronous transfer mode (STM) is based on 
the transmission of information in SDH (Synchronous 
Digital Hierarchy) transmission technology. In this 
technology, the information is transmitted in frames. 
These are subdivided into a control field (SOH, Section 
Overhead; POH, Path Overhead) and a container field. In 
the former, control information relating to the 
connection is transmitted whilst in the latter, payload 
is deposited. The payload used can also be ATM cells. 
These must then be arranged in the frame structure at 
the beginning of the transmission process and removed 
again at the receiving end. The control information 
considered is, for example, information with respect to 
the security of the transmission, bit errors, circuit 
failure, clock accuracy, etc. 

The control field has two sub-areas SOH and 
POH. The sub- area designated by SOH has control 
information with respect to a transmission section (for 
example between two switching systems) whereas in the 
sub-area designated by POH, control information is 
transmitted between two subscribers (end-to-end) . 

The transmission of information by means of the 
SDH transmission technology assumes high clock 
accuracy. If clock inaccuracies occur during the 
transmission process, for 
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example due to delay fluctuations, or if different 
clock rates are defined due to different situations in 
different countries, the received containers become 
displaced beyond the frames. A frame can, therefore, 
5 still contain part of the payload of the last container 
and part of its own container. 

In contemporary synchronous transmission 
systems, STM-1 interfaces are used. An STM-1 interface 
is physically represented by a connection between two 

10 SDH switching systems. The STM-1 interface is thus the 
basis of the SDH transmission. For this reason, the SDH 
switching networks arranged in the SDH switching system 
are currently designed for switching through STM-1 
signals in the prior art. 

15 in future, however, higher-order signals such 

as STM-N (N>1) signals are to be transmitted. This 
results in circuit switching problems in the SDH 
switching networks hitherto used. A method for 
bypassing these problems, known in the prior art, is 

20 the Virtual Concatenation Mode. This is a standardized 
method by means of which, for example, STM-4 signals 
are split into 4 STM-1 signals. During the 
transmission, 4 STM-1 signals are thus supplied to the 
receiving switch, switched through and then assembled 

25 again to form one STM-4 signal. 

In this process, however, the NxSTM-1 signals 
pass through different paths in the network. Although 
the NxSTM-1 signals are sent out at the same time, they 
arrive at different times at the receiving switching 

3 0 center due to different delays. Converting the STM-1 
signals into NxSTM-1 signals, however, requires that 
the STM-1 signals arrive at the same time. In the prior 
art, storage devices such as, for example, FIFO storage 
devices are used for recovering the containers in the 

3 5 correct order in order to solve this problem. For this 
purpose , 
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the FIFO storage devices must be addressed absolutely 
which means increased expenditure since, on the one 
hand, the absolute addresses must always be stored 
somewhere and on the other hand a +/- area must be 
5 reserved. In practice, this is associated with 
increased control expenditure . 

The invention is based on the object of 
demonstrating an approach to have the STM-1 signals 
sent via different paths which can be regenerated and 
10 forwarded in a practical manner at the receiving end. 

The invention is achieved by the features 
specified in the characterizing clause on the basis of 
the features specified in the preamble of claim 1. 

The advantageous factor in the invention is, in 
15 particular, a relative dynamic logic operation between 
write addresses and read addresses of the FIFO storage 
devices. This renders superfluous a continuous absolute 
control of the write and read addresses respectively. 
Furthermore, such a procedure is associated with a gain 
2 0 in dynamic range during the conversion process. 

Advantageous further developments of the 
invention are specified in the subclaims. 

In the bext which follows, the invention will 
be explained in greater detail with reference to an 
25 exemplary embodiment. In the figures: 

Figure 1 shows an SDH container according to the prior 
art 

30 Figure 2 shows the container of an STM-4 interface 

Figure 3 shows a circuit arrangement on which the 
method according to the invention is running 
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Figure 4 



shows the reading of the payload from the 
FIFO storage devices according to the method 
according to the invention 
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Figure 5 shows the markers arriving at different times 
in the FIFO storage devices. 

Figure 1 shows the structure of an SDH 
transmission frame. Accordingly, two SDH frames F lr F 2 
are shown as examples. The control information is 
deposited in the control fields SOH, POH. The payload 
is transmitted in a container CON. According to the 
exemplary embodiment above, this is intended to be a 
virtual container VC-4 . This means that the payload 
transmitted here is transmitted at a payload bit rate 
of 149 Mbit/s. 

A frame is built up of a total of 9 rows. The 
control field SOH has a width of 9 bytes per row. The 
container CON exhibits a width of 2 60 bytes per row and 
the control field POH has 1 byte per row. Overall, this 
results in a magnitude of 2,430 bytes (9x (9+1+260) ) , 
for one SDH frame, 2340 bytes being provided for 
transmitting payload. 

The start of the container CON in the relevant 
frame is designated by a marker J x . The position of the 
marker Ji is stored in a special pointer field K lf H 2 , 
H 3 of the control field SOH which forms a pointer. This 
pointer points to the position of the marker Ji . The 
control information deposited in the control field SOH 
is always deposited at the same place. The container 
CON can migrate beyond the frame boundaries F lt F 2 due 
to clock inaccuracies. The same thus also applies to 
the control field POH. In figure 1, the marker Ji marks 
the start of the container CON of the frame Fi . The 
start of the container of the frame F 2 is defined by 
another marker J 1 of frame F 2 . Thus, the payload 
contained in the container of frame F x is also part of 
frame F 2 beyond the frame boundaries. 



GR 99 P 1120 

- 5 - 

Figure 2 shows the conditions for an STM-4 
interface. The STM-4 signals have here been split into 
4 STM-1 signals. Here, too, the containers migrate 
beyond frame boundaries due to clock inaccuracies. The 
5 beginning of the individual containers is shown by 4 J 1 
pointers belonging to the frames F1...F4 in figure 2. 
The origin of this is that, although the 4 STM-1 
signals have been sent out at the same time, they have 
experienced delay differences along the respective 

10 paths. For this reason, these signals also have become 
stored in different storage areas of the FIFO-type 
buffer stores. Converting the 4 STM-1 signals back into 
one STM-4 signal requires time- synchronous conversion 
since only this ensures the STM-4 signal. 

15 Figure 3 discloses a circuit arrangement by 

means of which the restoration of an STM-4 signal from 
4 STM-1 signals is achieved. Accordingly, 4 interface 
devices P 0 . . . P3 are shown. Each of these 4 interface 
devices P 0 . . . P 3 is used at the receiving end to 

20 terminate the connecting line via which the STM-1 
signal is transmitted in each case. Since the control 
data transmitted in the control fields SOH, POH are 
specific to STM-1, this information must be suppressed 
during the conversion into an STM-4 signal . 

25 At the input end, the 4 interface devices 

P0...P3 are supplied with the STM-1 signals 
Data_in0 . . . Data_in3 . The interface device P 0 is thus 
supplied with the STM-1 signals Data_in0, the interface 
device Pi is supplied with the STM-1 signals Data_i.nl, 

30 etc. These STM-1 signals are then checked to see 
whether the incoming information is payload or control 
information. In the control field SOH, an alignment 
word is also transmitted to which the frame 
synchronizes in each case. If this alignment word is 

3 5 received, a signal SOH_disable is activated and 
supplied to the relevant interface device. The third 
word in the control field SOH is a pointer which points 
to the 
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marker Ji . If this is detected, a signal POH_disable is 
activated and this is also supplied to the relevant 
interface device. 

Furthermore, each of the 4 interface devices 
5 P0-.P3 has a cyclic circular buffer R. This is 
constructed as Random Access Memory (RAM) and has the 
function of a FIFO store. As a rule, this circular 
buffer R is worth in each case 1170 bytes as one half 
of a container CON. Furthermore, a counter AWC in which 

10 the payload bytes are counted as determined by the 
state of the signal SOH_disable is in each case 
provided in each of the interface devices. When both 
signals SOH_disable, POH_disable are inactive, this 
count is read out and supplied to the circular buffer R 

15 via a signal addr_in. At the same time, a signal 
write_enable is supplied. The count of the counter AWC 
thus reproduces the memory address in the circular 
buffer R at which the relevant payload bytes are 
stored. Furthermore, a counter PC which is incremented 

2 0 by the incoming payload bytes on detection of the 
marker J ± is provided in each of the 4 interface 
devices P 0 ...P 3 . In a further counter ARC, which is also 
arranged in each of the 4 interface devices P 0 . . . P 3 , the 
address of the circular buffer R under which the 

25 payload bytes are read out again is stored as 
determined by the count of the counter AWC, PC. 

The devices PD, RC are used as higher- level 
devices of the 4 interface devices P 0 . . . P 3 • The former 
is a monitoring device which determines whether the 

30 markers J x of all four interface devices P 0 . . . P 3 have 
been detected. The device RC is a higher- level control 
logic which controls and monitors the read processes. 
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In the text which follows, the operation of the 
circuit will be briefly explained: 

The STM-1 signals data_in0 . . . data_in3 are 
accepted by the relevant interface device. If the 
5 signal SOH_disable is inactive, the counter AWC 
activates a signal write_enable . At the same time, the 
counter AWC is incremented by the number of incoming 
payload bytes. The value obtained in this manner is 
supplied to the circular buffer R via a signal addr_in 

10 and is interpreted as address by the buffer. The data 
data_in are deposited in the circular buffer R as 
determined by this address. Due to the logical OR 
operation on the signals SOH_disable, POH_disable 
(write_enable) , only payload is transferred into the 

15 circular buffer R. The information stored in the 
control fields SOH, POH is thus suppressed. 

On start-up, the signals POH_Ji of all interface 
devices P 0 . . . P 3 are set to "0". If the signaling signal 
for the marker J x of the relevant interface device is 

2 0 detected, the counter PC is started by the signal 
POH_disable. The signal POH_Ji of the corresponding 
interface device is then set to a logical "1" or 
"high" . As long as the signal POH_Ji assumes the state 
of logical "1", the payload bytes are counted. If the 

2 5 markers Ji have been received by all interface devices 

P 0 ...P 3 , all signals POH_Ji are then set to a logical 
w l" . As a result, the monitoring device PD initiates 
logic operations and forms the difference between the 
counts AWC and PC, decremented by 1 and loaded into the 
30 counter ARC. The monitoring device PD then sets all 
signals POH_Ji to 0 for the next cycle. Furthermore, if 
the counts of the counters AWC and ARC are equal, the 
read process is stopped in all interface devices and a 
signal disable_read is generated because there is no 

3 5 payload in the circular buffer R 
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in at least one of the interface devices P0..-P3. 

In detail, the following procedure is adopted: 
The counts of counters AWC and PC are 
determined. The difference between the two counts is 
5 decremented by 1 and the result is stored in the 
counter ARC. At the instant at which all markers J x have 
arrived, the relative delay difference of the STM-1 
signals with respect to the STM-1 signals which have 
arrived last is thus given in the counter PC. 

10 The counters ARC of all interface devices are 

then triggered to transfer the content to the circular 
buffer R via in each case One signal addr_out . The 
latter interprets this value as an address. The data 
stored under this address are read out and forwarded as 

15 STM-4 signal as output data data_out . 

The corresponding conditions are reproduced in 
figure 4. Accordingly, the 4 cyclic circular buffers R 
of the 4 interface devices R(P 0 ) . . .R (P3) are shown. As a 
last marker, marker Ji of the interface devices Pi has 

20 arrived, for example. All counters are then stopped. 
Subsequently, the relative address to the markers J x 
which are stored in the remaining 3 interface devices 
is then formed. In the case of the interface devices 
R(P 0 ) the difference is 6 payload bytes. In the case of 

25 the interface device P 2 , the difference is 8 payload 
bytes and in the case of the interface device P 3 , the 
difference is 17 payload bytes. Triggering the higher- 
level logic device RC, the payload is read out and 
supplied to an STM-4 frame FR which regenerates 1 STM-4 

3 0 signal from the 4 STM-1 signals. 
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The precondition for this method is that the 
markers Ji of all STM-1 signals arrive within a half 
VC-4 period. The corresponding conditions are shown for 
the example of 4 STM-1 signals in figure 2. The markers 
J x are placed within the VC-4 period. For this reason, 
the interface circuits can synchronize without 
additional signal evaluation. For example, marker Ji of 
frame F 3 of interface device P 3 arrives first, for 
example, as described for figure 2. The counter PC is 
then started and counts up to 1170. If no further 
markers Ji of the remaining containers CON are detected 
until then, all counters PC and all signals POH_Ji are 
reset and synchronization recommences correctly with 
marker J x of frame F x at the next cycle. 

According to the present exemplary embodiment, 
it has been assumed that the magnitude of the delay 
differences is smaller than one half container period 
of a virtual VC-4 container. However, delay differences 
greater than one half container period of a virtual 
VC-4 container can also be treated with a modification 
of the method. 

The interface device according to figure 3 can 
still synchronize if the payload in the container is 
structured. In this case, the circular buffer R must be 
enlarged in accordance with the greatest delay to be 
expected. The corresponding conditions are shown in 
figure 5. This is the case, for example, if the payload 
consists of ATM cells, frame relay or TCP/IP data. 
Because of such transmission formats, synchronization 
can be carried out because error-free transmission is 
detected by the control field SOH and in this case the 
header of the cell is detected and evaluated by an 
additional payload synchronization circuit 

corresponding to the transmission format. The 
synchronization circuit is designated by HSC in 
figure 5. The synchronization can be restored by 
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combining the pointers of 2 or more VC-4 containers (4 
pointers in the case of STM-4) until the payload 
synchronization circuit HSC acquires lock. The 
combination can be obtained from a simple addition of 
5 2340 bytes in the counting devices of the counters 
ARC - triggered by a device JiCL (Ji combining logic) 
since, when a number of markers Ji is found, the frame 
to which this marker belongs cannot be reliably 
detected. The difference between 2 markers Ji of the 
10 same interface device is 2340 payload bytes. After the 
payload synchronization circuit HSC has acquired lock, 
the markers Ji will not be combined because only jumps 
of 3 bytes are allowed according to the SDH standard, 
unless the system is re-initialized. 
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Patent claims 

1. A method for converting NxSTM-1 signals into 

STM-N signals, comprising 
5 a multiplicity (N) of STM-1 signals 

(data_in0 . . .data_inN) which in each case have a first 
and second control field (SOH, POH) and a payload field 
(CON) filled with payload, the beginning of which is 
defined by a marker (Ji) and comprising a multiplicity 

10 (N) of interface devices (P 0 ...P N ) which in each case 
have a store (R) and which are used for accommodating 
the multiplicity (N) of STM-1 signals 

(data_in0. . .data_inN) , 
characterized in that 

15 the payload of the multiplicity (N) of STM-1 signals is 
stored in a cyclic order in the store (R) of the in 
each case associated interface device (P 0 ...P N ) at a 
write address corresponding to the number of payload 
data which have arrived, 

20 a relative address is formed with respect to the 
markers (Ji) which have arrived until then, on the 
basis of the marker (J x ) which has arrived last, and 
at the relative address formed in this manner, the 
payload is removed again from the stores (R) of the in 

25 each case associated interface device (P 0 . . • Pn) in the 
same cyclic order as during the write process and is 
supplied to an STM-N frame (FR) as output data 
(data_outO. . .data_outN) . 

2. The method as claimed in claim 1, 

30 characterized in that, 

the write address in the store (R) is formed by 
incrementing in a first counting device (AWC) as 
determined by the number of payload data that have 
arrived, until the first control field (SOH) or the 

3 5 second control field (POH) is detected, and the count 
of the first counting device (AWC) is transferred to 
the store (R) . 
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3. The method as claimed in claim 1, 
characterized in that, 

the payload data are counted in a second counting 
device (PC) from the instant where the second control 
5 field (POH) is detected until the time where all 
markers (Ji) have arrived, and then the difference 
between the counts of the first and second counting 
device (AWC, PC) is formed, which is further 
decremented by 1, and the value calculated in this 
10 manner is transferred as read address to a third 
counting device (ARC) at which the payload stored in 
the store (R) is removed. 

4 . The method as claimed in one of claims 1 to 3 , 
characterized in that, 

15 the store (R) is constructed as a cyclic random-access 
circular buffer. 

5. The method as claimed in one of claims 1 to 4, 
characterized in that, 

the interface devices (P 0 ...Pn) are synchronized within 
20 one half period of a VC-4 container (CON) . 

6. The method as claimed in one of claims 1 to 4, 
characterized in that, 

the interface devices (P 0 ...P N ) are synchronized outside 
the half period of a VC-4 container (CON) by combining 
25 the pointers of at least two VC-4 containers until a 
synchronization circuit (HSC) which follows the 
interface devices (P 0 ...P H ) and determines structured 
payload data acquires lock. 



GR 99 P 1120 



Abstract 

Method for converting NxSTM-1 signals into STM-N 
signals 

During the transmission of SDH signals, higher- 
order signals such as STM-N (N>1) signals are 
transmitted. To prevent circuit switching problems in 
the STM-1 switching networks hitherto used, the STM-N 
signals are split into N STM-1 signals in accordance 
with the known virtual concatenation mode. These 
signals, however, pass through different paths in the 
network which leads to different delays. The invention 
solves these problems by addressing FIFO storage 
devices with relative addressing at the receiving end 
in order to read out the payload data stored there. 
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